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Abstract

With the developing of juices and beverages industry, the processors need to
bring new nutritional fortified products to capture the market as per the de-
mand of the consumer who needs healthier product. Thus, this study aimed
to the production of mango beverage and mango flavored beverage fortified
with chia seeds; evaluate the chemical properties of chia seeds and study the
effect of adding carboxymethyl cellulose, xanthan gum and low acyl gellan
gum at the concentrations of 0.05% and 0.1% on the stability of suspension
chia seeds in beverage during storage at ambient temperature for six months.
Viscosity, color, zeta potential, suspension of seeds and organoleptic proper-
ties were evaluated. Results showed that chia seeds were rich in protein,
omega-3 fatty acids and dietary fiber. The addition of 0.05% gellan gum led to
improved appearance attributes and the highest stability of suspension of chia
seeds for six months, and was the sample which scored highest for overall ac-
ceptability compared to the other samples of beverages. Results indicated that
using chia seeds with the addition of 0.05% low acyl gellan gum led to the
production of fortified mango beverage and mango flavored beverage with
high stability for six months.

Keywords

Mango Beverage, Mango Flavored Beverage, Chia Seeds, Hydrocolloids,
Suspension Stability

1. Introduction

In the past, beverages have been considered by the consumers only as thirst-
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quenching and good-tasting products, while today they notably look for their
health benefits [1]. These led to the development of new beverages based on dif-
ferent types of juices and drinks that are enriched with fruits as natural sources
of nutrients, antioxidant, colors, and bioactive phytochemicals [2]. Thus, there is
increasing stress on food companies to develop and produce beverages that can
provide this demand, these demands and developed can be met by efficient forti-
fication of beverage and in this status, beverage take up a distinguished place [3]
[4].

Bioactive food components are utilized for enrichment of beverages it in-
cludes probiotic, phytochemicals, dietary fibers, bioactive peptides, amino acids,
omega-3 fatty acids, carotenoids, antioxidants, as well as minerals and vitamins
[5] [6], while integrating these fortifications into beverages, the overall stability,
flavor and color, of the produced beverage are the regards of enriched beverage
manufacture [5].

Mango (Mangifera indica L.) fruit is grown in numerous regions of the globe,
especially in tropical nations, and belongs to the family of Anacardiaceae. Man-
go fruits are a rich source of macronutrients (proteins, fats, carbohydrates, die-
tary fibre) and micronutrients (vitamins, polyphenols, carotenoids, other phy-
tochemical) which are vital to normal health and growth of human and promote
health-stimulating effects, immune system, oxidative stress, gene expression in
cell proliferation and apoptosis, hormone metabolism and others [7].

Chia (Salvia hispanica L.) is an annual herbaceous plant; seeds of these plants
have been eaten for thousands of years. Nowadays, there is a growing interest
and circulation of chia seeds for their nutritional composition and functional
properties, which health promotes and are used in the preparation of various
novel food products such as bakery products, pudding, salads. Chia seeds are a
rich source of omega-3 fatty acids, protein, dietary fibers, antioxidant com-
pounds, minerals which health benefits such as protection from inflammation,
support bone health, have potential skin benefits, reduce the level of cholesterol,
aging and cancer, reducing inflammation and regulating bowel function [8].

Hydrocolloids agents, xanthan gum and gellan gum are hetero polysaccha-
rides microbially produced and by Xanthomonas campestris [9] and Sphingo-
monas paucimobilis [10] respectively, while the carboxymethyl cellulose is an
anionic polysaccharide and man-made modified cellulose which is prepared by
the reaction of monochloroacetic acid with alkali cellulose [11]. These hydrocol-
loids are suitable and common stabilizers due to their properties including high
viscosity at low concentration and good suspension characteristics [12].

To meet the requirements and desires of various ranks of consumers towards
non-traditional and healthier fortified products. Therefore, the present study
was aimed to produce of mango beverage and mango flavored beverage, fortified
with chia seeds; evaluate the chemical properties of chia seeds; effect of adding
carboxymethyl cellulose, xanthan gum and low acyl gellan gum on the stability
of suspension chia seeds in beverage during storage at ambient temperature for

six months.
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2. Materials and Methods
2.1. Materials

Chia (Salvia Hispanica L.) seeds (CHS), mango fruit (Mangifera indica L.) cv.
Sukari, and sugar were obtained from a local market in Alexandria, Egypt. As-
corbic acid, citric acid, natural beta carotene, mango flavor, carboxymethyl cel-
lulose (CMC), xanthan gum (XG) and low acyl gellan gum (GG) were of food-
grade and obtained from Misr Food Additives (MIFAD). All chemicals and rea-
gents were of analytical grade and purchased from El-Gomhouria Co. for Chemi-
cal and Medical Appliances, Alexandria, Egypt. Glass bottles were purchased
from the local market, Alexandria, Egypt.

2.2. Technological Methods

2.2.1. Preparation of Chia Seeds (CHS)

Dry CHS were cleaned from impurities and odd materials. Dry cleaned seeds (10
g/1L beverage) were soaked in sufficient quantity of distilled water, then left for
30 min with frequent stirring until inducing full water absorption at ambient
temperature (25°C = 5°C).

2.2.2. Preparation of Carboxymethyl Cellulose (CMC) and Xanthan Gum
(XG) Solutions

CMC and XG solutions were prepared by dissolving 0.05 and 0.1 g each from
CMC and XG in 100 ml distilled water and were stirred with a magnetic stirrer

for 10 min and till it was completely dissolved at ambient temperature.

2.2.3. Preparation of Gellan Gum (GG) Solution

GG solution was prepared by dissolving (0.05 g and 0.1 g) in 100 ml hot distilled
water at 85°C and adding 0.05 g calcium chloride to each solution then it was
continuously stirred with a magnetic stirrer for 5 min until it was completely
dissolved at 85°C.

2.2.4. Preparation of Beverages

The preparation and processing operations of mango beverage (MB) and mango
flavored beverage (MFB) were conducted in the laboratory of Edfina Company
for preserved foods, according to the Egyptian standard (No. 1602/2017) as fol-
low:

1) Preparation of mango beverage (MB)

Mango fruits were carefully washed using tap water and were well drained.
The skin and seeds were removed manually, then the pulp was cut into small
pieces. These pieces were blended with a little water by a blender (Kenwood major
blender, Japan) to obtain the mango puree (total soluble solids (TSS) 15°Brix).
Mango puree was packed in plastic bags, (each bag weighs 1 kg.), then stored at
—18°C until further use. The basic formula to produce 1 L of MB, was 100 g
mango puree which represented (10%), 105 g sugar, 1.5 g citric acid, 0.25 g as-
corbic acid and 783 ml water.

2) Preparation of mango flavored beverage (MFB)
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The basic formula of MFB was 120 g sugar, 1.5 g citric acid, 0.25 g ascorbic
acid, 0.15 g beta carotene as natural coloring agent, 1.5 g mango flavor and 867

ml water, then the ingredients were well mixed.

2.2.5. Preliminary Experiments

Various preliminary experiments (sixteen samples) were performed to select the
best concentrations of hydrocolloids used in this investigation, that make high
suspension stability of CHS distributed in their beverages during storage for 48 h
at ambient temperature, (25°C + 5°C). The samples were prepared as follows:

1) One sample of MB and one sample of MFB were prepared as described by
the Egyptian standard.

2) One sample of MB + CHS was prepared mango beverage-chia seeds (MB-
CHS) and considered as control sample (C;).

3) One sample of MFB + CHS was prepared mango flavored beverage-chia
seeds (MFB-CHS) and considered as control sample (C,).

4) Two samples of MB-CHS + 0.05% or 0.1% CMC.

5) Two samples of (MFB-CHS) + 0.05% or 0.1% CMC.

6) Two sample of MB-CHS + 0.05% or 0.1% XG.

7) Two sample for MFB-CHS + 0.05% or 0.1% XG.

8) Two sample for MB-CHS + 0.05% or 0.1% GG.

9) Two sample for MFB-CHS + 0.05% or 0.1% GG.

The components were mixed and stirred well at ambient temperature for un-
iformity, and TSS of all beverage samples were set at 12°Brix by using a refrac-
tometer. All beverage samples were heated to 90°C, then the hot solutions were
placed in sterilized glass bottles and sealed. The glass bottles were kept at 85°C
for 10 min in a water bath, then cooled to room temperature in an icy water
bath. After 48 h of storage period at ambient temperature, viscosity, color and

sensory attributes were measured.

2.2.6. Basic Experiments

According to the results obtained from the preliminary experiments, the best-
chosen treatments were: MB-CHS with 0.05% GG, 0.1% XG and 0.1% CMC;
MFB-CHS with 0.05% GG; compared to the control samples C, and C,.

All processing operations relied on the implementation of hygienic require-
ments. The chosen samples were packed into 200 ml of sterilized clear glass bot-
tles, then heat treatment at 90°C for 10 min in a hot water bath, tightly closed,
then directly cooled by icy water bath. Samples were kept at ambient tempera-
ture (25°C £ 5°C) for six months storage period.

2.3. Physical and Chemical Analysis

2.3.1. Chemical Analyses

CHS were ground in a grain mill (Kenwood multi mill, Japan) and sieved to pass
through 60 mesh sieves, then packed in glass jars and stored at 4°C until analy-
sis. Total solids, ash and crude fiber contents were determined according to [13].
The analyses of CHS, MB, MFB, MB-CHS with 0.05% GG and MFB-CHS with

DOI: 10.4236/fns.2023.142008

104 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2023.142008

R. A. Aamer et al.

0.05% GG were carried out as follows: crude protein, crude oil and total dietary
fiber contents were determined according to the method of [13]. Carbohydrate
was calculated by difference. Caloric value was calculated using the universally
acceptable conversion factors by multiplying protein and carbohydrates by 4.00
and fat by 9.00 Kcal/g. Potassium was determined using flame photometer
(Model PEP7, England), while calcium, magnesium, iron, zinc, manganese and
copper were determined using Perkin Elmer Atomic Absorption Spectrophoto-
meter Model 2380 [14]. The fatty acid composition of CHS was investigated by
Gas Liquid Chromatography (GLC). The chia oil was esterified before GLC
analysis using the method described by [15]. The chromatogram of the authentic
fatty acids was used to characterize the fatty acids according to their retention
times. Fatty acid composition was expressed as a percentage of the total fatty ac-
ids [16].

2.3.2. Viscosity and Color Measurement

Viscosity was measured with a rotary viscometer (Brookfield Model DV-II + Pro,
USA) at the speed of 60 rpm and spindle number 2 [17]. The color attributes of
MB-CHS and MFB-CHS were measured using a colorimeter (Hunter L' &, b,
Ultra scan vis, USA) with a tristimulus absorption filter. The tristimulus coordi-

nates: L (lightness), a' (redness), and b’ (yellowness) were measured [18].

2.3.3. Zeta Potential

CHS were separated from beverages and the filtrate was filled in cuvettes in or-
der to measure the zeta potential using a zetasizer (Zetasizer Zen3600, Malvern
Instruments Ltd, UK) according to [19].

2.3.4. Measurement of Seeds Sedimentation
To measure the stability of CHS in beverage height percentage of seeds was vi-
sually measured during 48 h and six months of storage compared to the control
samples (C; and C,) using the following equation [19].

Height of seeds "
Total sample height in the bottle

Height percentage of seeds(%) =

The best-chosen samples depended on the results of suspension stability of CHS
after 48 h of storage.

2.3.5. Sensory Evaluation

The tests of sensory parameters in the preliminary and basic experiments were
conducted using a 9-point hedonic scale [20]. The judgment was accomplished
by 20 panelists, including 10 panelists from Food Technology Laboratory, of Sa-
bahia, Alexandria, Egypt, Food Technology research institute (FTRI) and 10 pa-
nelists from Edfina company, Alexandria, Egypt. Samples were presented to the
panelists in 250 ml clear bottles, that were randomly coded. The sensory attributes
evaluated were color, taste, texture, mouthfeel, appearance & suspension of seeds

and overall acceptability.
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2.3.6. Statistical Analysis

All analysis were triplicate, except for fatty acids, colorimetric measurements
and zeta potential measurements, and were expressed as mean values + standard
deviation. Statistical analyses were carried out using software (SAS) version 9.1
(SAS Institute Inc., Cary, NC) [21]. Statistical analyses were performed using
one-way analyses of variance followed by Duncan’s test. Differences were consi-

dered significant at p < 0.05.

3. Results and Discussions
3.1. Chemical Analyses of CHS

Table 1 illustrates the proximate composition of CHS. Protein, lipid, and car-
bohydrates recorded 23.50%, 35.28% and 4.54%, respectively. Ash, crude fiber,
and total dietary fiber gave values of 14.96%, 21.73% and 32.63%, respectively.
These results indicated that lipid is the most abundant component in CHS and
provide 45.23% of daily value (DV), followed by total dietary fiber providing an
excessive amount of 116.54% DV and protein that was of 47% DV. As a result,
CHS can be considered as a new oil source and is also a good source of plant
protein and dietary fiber. These outcomes were consistent with [22] who men-
tioned that CHS contained high levels of fiber and that a high amount of fiber
decreases the risk of coronary heart disease, the risk for diabetes type 2 and sev-
eral types of cancer. These results were also in agreement with [23].

Table 1 also shows that CHS constitutes a source of minerals. CHS had a high
level of macroelements including calcium 562.52, potassium 467.5 and magne-
sium 337.56 mg/100g. Microelements; iron 7.35, zinc 4.95, manganese 2.55, and
copper 0.97 pg/100g). [24] found that the concentration of macroelements in
chia is as; calcium 631, potassium 407, magnesium 335 mg/100g. Microelements;
copper 0.924, iron 7.72, manganese 2.72 and zinc 4.58 pg/100g. These results
show that CHS provided 43.27% DV of calcium, 80.37% DV of magnesium.

The fractions of fatty acid in CHS oil were shown in Table 1. The saturated
and unsaturated fatty acids were 9.49% and 89.94%, respectively. Three dietary
and healthy unsaturated fatty acids were identified as follows: @3 linolenic acid
(65.84%), it was the major component of fatty acid, followed by 6 linoleic acid
(17.10%) and w-9 oleic acid (7%). Otherwise, the saturated fatty acids included
palmitic (6.85%), stearic (2.42%), and lauric acid (0.22%). The ratio between sa-
turated and unsaturated fatty acids was (1:9.48) and was (1:3.85) for w6: w3 fatty
acids. These results were in agreement with [22] who mentioned that CHS is a
rich source 3 fatty acids, that improve cognitive performance, protect from in-
flammation and lower the cholesterol. Additionally, [25] who stated that the
CHS oil have a high concentration of a-linolenic acid, which is used in function-
al foods preparation. CHS oil has a high amount of a-linolenic acid, which is
crucial for protecting the heart and liver [26].

Depending on the for mentioned results, the CHS are considered a good
source of w-3 fatty acids, and dietary fiber, thus could be used for fortifying

mango beverage and flavored mango beverage prepared in these investigation.
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Table 1. Chemical composition of chia (Sa/via hispanicaL.) seeds (on dry weight basis).

Components Mean value % DV

Proximate composition (g/100

Total solids 92.85 + 0.40 --
Ash 14.96 £ 0.57 --
Protein 23.50 £ 0.72 47
Lipid 35.28 £ 0.86 45.23
Crude fiber 21.73 + 0.66 77.60
Carbohydrate 4.54+0.43 1.65
Total dietary fiber 32.63 £0.92 116.54
Energy value (Kcal/100g) 471.32 + 5.86
Mineral
Macroelements (mg/100g)
Calcium 562.52 43.27
Potassium 467.50 9.95
Magnesium 337.56 80.37
Microelements (pg/100g)
Iron 7.35 -
Zinc 4.95 -
Manganese 2.55 -
Copper 0.97 -
Fatty acid (%)
Saturated
Lauric acid (C12:0) 0.22 --
Palmitic acid (16:00) 6.85 --
Stearic acid (C18:0) 2.42 --
Total of saturated fatty acid 9.49
Unsaturated
1) Monounsaturated
Oleic (C18:1, w-9) 7.00 --
2) Polyunsaturated
Linoleic acid (C18:2, w-6) 17.10 -
Linolenic acid C18:3, w-3) 65.84 --
Total of unsaturated fatty acid 89.94 --
Sat: Unsat ratio 1:9.48 --
w6: w3 FA ratio 1:3.85 --

Data represented the means + standard deviation; w-3: omega 3; w-6: omega 6; w-9:
omega 9; % DV: % Daily Value.

3.2. The Parameters Used in the Preliminary Experiments

3.2.1. Viscosity

The effect of hydrocolloid type and its concentration on the viscosity of studied
beverages, after 48 h of storage at ambient temperature, as preliminary experi-
ments were shown in Figure 1. It could be observed that the lowest viscosity was
in C, (26 cps) followed by C,, which recorded (28 cps). The low viscosity is due
to the absence of hydrocolloid, Figure 1. The samples of MB-CHS recorded

higher viscosity than MFB-CHS as compared with samples containing the same
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Figure 1. Effect of different types and concentrations of hydrocolloids on the viscosity of
the beverages after storage at ambient temperature for 48 h MB-CHS: mango beve-
rage-chia seeds; MFB-CHS: mango flavored beverage-chia seeds; CMC: carboxymethyl
cellulose; XG: xanthan gum; GG: low acyl gellan gum; Ci: mango beverage without gum;
Cz: mango flavored beverage without gum.

type and concentration of hydrocolloids. This difference may be due to using
natural mango pulp for processing of MB-CHS. The addition of CMC, XG and
GG at the concentration of (0.05% and 0.1%) in MB-CHS and MFB-CHS sam-
ples, led to significantly higher viscosity (P < 0.05) as compared with C, and C,,
respectively. This means that, increase of hydrocolloid concentration led to the
increase of beverage viscosity. These results agree with those by found of [27]
who mentioned that increasing the concentration of gum in drinks caused a di-
rect proportional increase in the viscosity and sensory perception. The highest
viscosity was observed in MB-CHS and MFB-CHS containing GG 0.1%, they
were (460 cps and 340 cps), respectively. The high viscosity led to formation of
hard gel of the studied beverages. These results were in agreement with [28] who
stated that if the concentration of the gellan gum is sufficiently high, then the
double helices form can further transform into thicker rod-like aggregates lead-

ing to the formation of a macroscopic gel.

3.2.2. Suspension Stability of CHS

The influence of using CMC, XG and GG at the concentration of 0.05% and
0.1% compared with the control sample on the stability of suspension of CHS in
MB and MFB during storage 48 h is illustrated in Figure 2(a) and Figure 2(b).
C, and C, as control samples recorded the lowest percentage of stability and
suspension, while the samples containing CMC and XG at the concentration of
0.05% gave a weak stability. The fast rate of seeds sedimentation was observed in
the sample of MFB-CHS during the first hour of storage, and the best stability
and suspension of seeds was observed in MB-CHS; these results were due to us-
ing the natural pulp of mango fruit in the processing of MB. In both MB-CHS and
MFB-CHS beverages, the addition of GG (0.05% and 0.1%) led to the increase
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(b) MFB-CHS
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—t+=GG 0.1 % —+—GG 0.1 %

Figure 2. Effects of different types and concentrations of hydrocolloids on the suspension stability of chia seeds in beverage
during storage for 48 h at ambient temeprature. MB-CHS: mango beverage-chia seeds; MFB-CHS mango flavored beverage-chia
seeds; CMC: carboxymethyl cellulose; XG: xanthan gum; GG: low acyl gellan gum; Ci: mango beverage without gum; Cz: mango

flavored beverage without gum.

stability and suspension of seeds, also the addition of 0.1% XG and 0.1% CMC in
MB-CHS gave the high stability and suspension of seeds. While no effect was
noticed on the stability of MFB-CHS. No significant difference in stability was
observed between the three hydrocolloids when added to MB-CHS. These results
agree with [29] who reported that XG is effective in suspending fruit pulp for
long periods. [30] mentioned that GG fluid gels can be used to produce shelf
stable suspensions in a variety of beverages products.

3.2.3. Color

The effect of different types and concentrations of hydrocolloids on color values
(L, a and &) of beverages after processing in storage for 48 h at 25°C + 5°C are
given in Table 2. A slight decrease was shown in the L’ value in all treatments
compared with controls (C,; and C,), while, this decrease of these values was
higher by adding XG and GG compared with the sample containing CMC. This
means that addition of XG and GG, led to color stable of beverages. These re-
sults agree with [31] and [32], who found that the presence of GG and XG had
increased the stability of acerola smoothie and red rice drinks pigments such as
anthocyanins and carotenoids when compared to the control. For the values &'
and b, all treatments have higher values than the control, however, change the
concentrations from 0.05% to 0.1% of hydrocolloids had not effect on Z', a° and

b values in all the studied samples, these results are in agreement with [33].

3.2.4. Sensory evaluation

After storage at ambient temperature for 48 h the average scores for the parameters
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Table 2. Effect of type and concentration of hydrocolloids on color parameters of mango
beverage and mango flavored beverage fortified with chia seeds after 48 h of processing.

CIE Color values

Sample Concentration (%)
r a b

MB-CHS
Ci 0.00 35.78 4.35 12.54
CMC 0.05 35.31 5.32 16.71
0.10 35.27 5.38 16.78
XG 0.05 34.91 4.88 16.19
0.10 34.98 4.93 16.23
GG 0.05 34.46 4.90 17.13
0.10 34.66 4.52 17.06

MEB-CHS
Ca 0.00 38.94 12.40 20.22
CMC 0.05 36.63 14.08 24.92
0.1 36.31 14.96 24.11
XG 0.05 35.24 13.29 23.31
0.1 35.28 13.48 23.27
GG 0.05 35.81 13.06 22.93
0.1 35.97 13.33 22.88

L lightness; a": redness; b': yellowness; MB-CHS: mango beverage-chia seeds; MFB-CHS:
mango flavored beverage-chia seeds; CMC: carboxymethyl cellulose; XG: xanthan gum;
GG: low acyl gellan gum; Ci: mango beverage without gum; Cz; mango flavored beverage
without gum.

of sensory attributes of MB-CHS and MFB-CHS containing hydrocolloids at
concentration of 0.05% and 0.1% are presented in Table 3. There were no sig-
nificant differences (p = 0.05) among treatments for color and taste after 48 h of
processing. The texture and mouthfeel satisfaction increased with the addition of
0.05% GG, 0.1% CMC and 0.1% XG, while there was significant decrease (p <
0.05) of these properties when 0.1% GG was added to MB-CHS and MFB-CHS,
and that was reflected in the decision of panelists, who disliked the samples with
0.1% GG. These results were confirmed with viscosity analyses Figure 1. With
increasing CMC and XG concentration in MB-CHS, the appearance and suspen-
sion of seeds increased (p < 0.05). On the other hand, 0.05%, 0.1% GG gave
highest scores and were extremely liked concerning appearance and suspension
of seeds in MB-CHS and MFB-CHS. The overall acceptability recorded the
highest score for the treatment containing 0.05% GG of both beverages followed
by the treatments containing 0.1% XG and 0.1% CMC when added to MB-CHS
sample. These results agree with [29] and [28], they reported that XG and GG
imparted a drink-enhanced mouth feel with a full-bodied taste and good flavor

release.
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Table 3. Average scores for the sensory attributes of mango beverage and mango flavored beverage fortified with chia seeds after

48 h of processing.

Senso Appearance & Overall
¥ Color Taste Texture Mouthfeel PP ) .
property Suspension of seeds acceptability
Treatment Con (%) MB-CHS
Ci 0.00 8.29 £ 0.49* 8.35 £ 0.53¢* 7.43 +1.13° 7.53 + 0.56" 2.71 £ 0.76° 4.30 +0.82°
CMC 0.05 8.36 £ 0.53° 8.42 + 0.53* 7.57 + 0.98° 7.64 + 0.75° 2.79 £ 0.57° 4.44 +0.70°
0.10 8.43 £ 0.78* 8.40 £ 0.59* 8.71 £ 0.36* 8.49 + 0.69* 8.26 £ 0.72* 8.50 £ 0.48*
XG 0.05 8.67 £ 0.63* 8.42 £ 0.75* 7.50 + 1.04° 7.57 £ 0.53% 2.71 +1.11° 459 +1.11°
0.10 8.71 £ 1.07° 8.43 £ 0.70° 8.72 £ 0.49° 8.50 = 0.69° 8.36 £ 0.73* 8.49 + 0.38°
GG 0.05 8.79 £ 0.40° 8.50 + 0.50* 8.79 £ 0.39* 8.79 £ 0.37¢ 9.00 + 0.0° 8.80 + 0.38*
0.10 8.79 £ 0.27* 8.51 £0.71* 4.00 + 0.82¢ 4.43 £ 1.27¢ 9.00 £ 0.0* 4.59 + 0.86°
MEFB-CHS
Cz 0.00 8.20 £ 0.63% 8.40 + 0.50* 5.57 + 0.53°¢ 6.70 + 0.54°¢ 2.43 +0.79¢ 4.10 £ 0.79%
CMC 0.05 8.16 £ 0.75% 8.21+0.70* 7.00 + 0.828 7.50 + 0.508 2.5+ 0.65¢ 4.36 £ 0.708
0.10 8.14 £ 0.70% 8.26 + 0.624 8.51 +0.38% 8.53 + 0.624 3.10 + 0.588 4.53 +0.738
XG 0.05 8.19 +0.78% 8.21 +0.75% 7.18 + 0.608 7.14 + 0.708¢ 2.50 + 0.50¢ 4.40 + 0.818
0.10 8.18 £ 0.73% 8.25 + 0.40* 8.43 + 0.53% 8.34 + 0.66* 3.14 + 0.698 4.50 £ 0.588
GG 0.05 8.19 + 0.544 8.32+0.31* 8.71 £ 0.394 8.73 + 0.36* 9.00 + 0.0* 8.79 +0.194
0.10 8.19 + 0.60% 8.30 + 0.50* 4.14 + 0.90° 4.00 + 1.00° 9.00 + 0.0* 4.73 £ 0.538

MB-CHS: mango beverage-chia seeds; MFB-CHS: mango flavored beverage-chia seeds; CMC: carboxymethyl cellulose; XG: xan-
than gum; GG: low acyl gellan gum; Ci: mango beverage without gum, C,: mango flavored beverage without gum; Different su-

perscripts in the same column are significant differences at P < 0.05 level.

From the previous results of preliminary experiments, the best treatments
were chosen according to the resulted of stability of suspension CHS, non-sedi-
mentation, color values, uniformity as well as the organoleptic properties of stu-
died beverages. This was an indicator to conduct the basic experiments and the
chosen treatment were as follows: CHS with (0.05% GG, 0.1% XG and 0.1%
CMC) for preparing MB-CHS and CHS with 0.05% GG for preparing MFB-CHS
and then studying their behavior during storage for six-months at ambient tem-
perature (25°C = 5°C).

3.3. Basic Experiments

3.3.1. Suspension Stability of Seeds during Storage
The effect of the gum types on the suspension of CHS in MB and MFB during
the storage period of six months are shown in Figure 3(a) and Figure 3(b). All
beverages recorded high stability of suspension of CHS in the initial time of sto-
rage Figure 2(a) and Figure 2(b). The control samples (C; and C;) recorded low
stability of suspension of seeds and fast rate of seeds sedimentation.

During storage period of six months, the beverage containing 0.05% GG in
MB-CHS (Figure 3(a)) and MFB-CHS (Figure 3(b)) recorded high stability of
suspension of CHS, followed by 0.1% XG in MB-CHS, which recorded high sta-

bility of suspension of seeds at the initial two months of storage, and showed a
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Figure 3. Effects of different gum types on suspension stability of chia seeds in beverages during storage for six months at am-
bient temperature. MB-CHS: mango beverage-chia seeds; MFB-CHS: mango flavored beverage-chia seeds; CMC: carboxymethyl
cellulose; XG: xanthan gum; GG: low acyl gellan gum; Ci: mango beverage without gum; C: mango flavored beverage without

gum.

significant decrease (P < 0.05) by the increase of storage period for six months.
During the storage period, the suspension of seeds in beverages containing CMC
0.1% significantly decreased (P < 0.05) by increasing storage time as compared
with 0.05% GG and 0.1% XG. These results showed that the use of 0.05% GG led
to highest stability and the best appearance of suspension of CHS during six
months of storage (visual observation), as they almost fully retained their physi-

cal properties during storage. These results agreed with those reported by [34]

3.3.2. Zeta Potential

Dispersed systems such as colloidal suspensions contain electrically charged par-
ticles that interact with each other and with the media, these amounts of charges
are called zeta potential, and are used to gauge how stable is colloidal system
[35]. As shown in Figure 4, the zeta potential values for all samples were clearly
negative, indicating that there are more negatively charged particles than posi-
tively charged particles in all beverages; this was attributed to the existence of
beverage particles with positively charged carbohydrate and protein nuclei sur-
rounded by negatively charged pectin (C, and C,) as well as to the properties of
added stabilizers to the samples [33]. Furthermore, the absolute value of zeta
potential of the beverage samples with XG, CMC or GG were higher than that of
the control (C;; —14 and C,; —12 MV). This is because the XG, CMC and GG are
anionic polysaccharides and thus provide a certain amount of negatively charged
particles, [32] [36]. In the initial time, the sample containing 0.1% XG recorded
higher value of zeta potential (-27.1 MV) followed by 0.1% CMC (-22.2 MV),
while the sample containing 0.05% GG recorded the lowest value (-21.4 MV in
MB-CHS and -21 MV in MFB-CHS). These results may be due to adding double
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Figure 4. Effect of different gum types on zeta potential of beverages fortified with chia seeds during storage for six months at

ambient temeprature. MB-CHS; mango beverage-chia seeds; MFB-CHS: mango flavored beverage-chia seeds; CMC: carbox-

ymethyl cellulose; XG: xanthan gum; GG: low acyl gellan gum; Ci: mango beverage without gum, Cz: mango flovored beverage

without gum.

concentration of XG and CMC compared with GG. These results agreed with
[37] and [33] who mentioned that the absolute zeta increased with the increase
in hydrocolloid concentration due to the anionic properties of hydrocolloids.
During the storage period for one-month, absolute zeta slightly decreased in all
samples. This change in zeta may be due to the exit of protein with positive
charge from CHS [38]. Zeta value in C, and C, decreased after one month then
become stable tell six months of storage, while in beverage with different gum
types, zeta potential showed a decreased after one month then increased after
three months, these may be due to the anionic and adsorbing properties of the
existing hydrocolloids (XG, CMC and GG). Finally, is become stable tell the end
of storage for six months. Similar outcomes have been attained when pectin,
gum tragacanth, CMC, XG and GG were used as stabilizers in juices and dairy
products [37] and [39]. Although the samples of 0.05% GG recorded lower zeta
potential but it had the highest stability of seeds suspension, these results agree
with [40] who mentioned that, it is common to find stable systems with low ab-

solute zeta potential values and vice versa.

3.3.3. Sensory Attributes after Six Months Storage Period

The sensory attributes of the selected beverages after storage for six months are
illustrated in Figure 5(a) and Figure 5(b). Generally, the beverages containing
0.05% GG in MB-CHS and MFB-CHS recorded the highest mean scores for all
parameters compared to other treatments, was most acceptable from the orga-
noleptic point of view and kept the suspension of seeds even at the end of six
months of storage. These results confirmed by the result of seed suspension in
Figure 3. The sensory scores of all beverage samples decreased after six months
of storage period as compared to those evaluated after 48 h of storage shown in
Table 3. The control beverage C; in MB-CHS and C, in MFB-CHS had the low-
est scores of all parameters compared to the other samples and showed a de-
creased acceptability after six months of storage (Table 3 and Figure 5). The
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Figure 5. Average scores for the sensory attributes of beverages fortified with chia seeds after storage for six
months at ambient temeprature. MB-CHS: mango beverage-chia seeds; MFB-CHS: mango flavored beverage chia
seeds; CMC: carboxymethyl cellulose; XG: xanthan gum; GG: low acyl gellan gum; Ci: mango beverage without
gum; Cz: mango flavored beverage without gum.

Table 4. Nutritional facts of beverages before and after fortification with chia seeds.

MB MB-CHS MFB MFB-CHS
Component
Value % DV Value % DV Value % DV Value % DV
Energy value (Kcal/L)  485.94 + 8.17 - 547.04 £ 12.70 - 480.00 £ 10 - 541.28 £ 12.09 -

Fat (g/L) 0.30 £0.01 0.38 3.80 £ 0.10 4.87 - - 3.52 £0.21 4.51
Protein (g/L) 0. 81 £0.02 1.62 3.21 £ 0.09 6.42 - - 2.40 £ 0.15 4.80
Carbohydrate (g/L) 120.00 £ 2.00 43.64 125 £ 3.00 45.45 120.00 £ 2.5 43.64 125.00 + 2.4 45.45
Total dietary fiber (g/L) 1.54 £ 0.03 5.50 4.85+0.12 17.32 - - 3.30+0.22 11.79

Mineral (mg/L)

Calcium 11.00 0.85 67.23 5.17 - - 56.30 4.33

Potassium 165.00 3.51 212.00 4.51 - - 46.74 0.99
Magnesium 11.00 2.62 44.80 10.67 - - 33.77 8.04

%DV: % Daily Value; MB: mango beverage; MFB: mango flavored beverage; MB-CHS: mango beverage-chia seeds; MFB-CHS:
mango flavored beverage-chia seeds.

overall acceptability of the beverage containing 0.1% CMC in MB-CHS de-

creased with increasing storage time followed by the treatment containing 0.1%
XG.

3.4. Nutritional Facts of Beverage

Nutritional facts of MB and MFB before and after fortification with CHS are
shown in Table 4. The fortification of 1 L of MB and MFB with 1% CHS
(MB-CHS and MFB-CHS) can meet 4.87% and 4.51% of the DV for fat, 6.42%
and 4.80% for protein, 45.45% for carbohydrates finally 17.32% and 11.79% for
the total dietary fiber respectively of beverage. The fortification of the beverages
with CHS provided higher percentages of the daily value of different minerals
compared the beverages without fortification as shown in Table 4.
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5. Conclusions

From the analytical data and the previous results, it could be concluded that the
fortification by chia seeds gave beverages rich in omega-3 fatty acids and dietary
fiber. This is very important for human health, especially in flavored beverage
without natural pulp, and meets the demand of consumers for healthy food de-
sires. Also, using hydrocolloids in this study solved the problem of sedimentation
and low suspension stability that occur in juices and beverages.

Finally, the addition of 0.05% low acyl gellan gum to the beverages led to
higher stability of suspensions of CHS in the beverages and improved the ap-
pearance as compared with the addition of XG and CMC.
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